Abstract: Potential breeding habitat of egrets and herons was evaluated using the Maximum Entropy the residential district while 79.85 km 2 (88.92%) were more than 50m from the residential district.
Introduction
Predicting the distribution of species is central to diverse applications in ecology, evolution, and conservation science [1] . Over the last several decades, the interest in species distribution models (SDMs) of plants and animals has grown dramatically [2] [3] [4] . This has resulted from the growing need for information on the geographical distribution of biodiversity as well as new and improved techniques and data suitable for addressing this need, such as remote sensing, global positioning system technology, geographic information systems, and statistical learning methods [4] . These methods have been used widely to interpolate sparse biological surveys to spatially predict species distributions for conservation planning, reserve design, and impact and risk analysis [4] .
Species distribution models are tools that combine observations of species occurrence or abundance with environmental characteristics. They include correlative, process-based, and mechanistic models [5, 6] . Among them, correlative models, such as the generalized linear model (GLM), generalized additive model (GAM), genetic algorithm for rule-set prediction (GARP), environmental-niche factor analysis (ENFA) and Maximum Entropy Model (MaxEnt) are used widely [7] [8] [9] [10] . These algorithms can be applied in modeling potential habitat for a diversity of species from uplands to wetlands, including water birds [11] . Long-legged waterbirds, including egrets and herons, are important components of the breeding bird community found in numerous wetlands and woodlands in Korea. Of the 72 egret and heron species recorded in the world, 19 species are observed in Korea [12] . Among them, 6 species, Black-crowned Night Heron (Nycticorax nycticorax), Cattle Egret (Bubulcus ibis), Great Egret (Egretta alba), Intermediate Egret (E. intermedia), Little Egret (E. garzetta), and Grey Heron (Ardea cinerea), commonly breed in the urban forests of Korea [13] .
In the past, egrets and herons have symbolized peace, integrity, and incorruptibility in Korea.
However, these ideals must be balanced with management requirements where these birds strongly conflict with human needs (i.e., urban areas of Korea; [14] ). Some heronries (nesting areas of herons, egrets, and other associated colonial nesting waterbirds) are considered nuisances when they are located adjacent to residential areas because of the noise, odor, and concerns about possible health hazards in Korea. Therefore, most urban forests containing heron and egret breeding sites have been thinned to minimize the negative effects for residents in Korea.
However, we lack information on the management of egrets and herons to both secure their breeding status while minimizing adverse impacts to human residents in urban forests. In this study, we estimated potential habitats for breeding egrets and herons using the Maximum Entropy Model and discussed the implications of the results for the management of breeding egrets and herons in the urban forests of Daejeon, Korea. 
Generation and Selection of Habitat Variables
Variables for modeling were selected by considering previous literature and ecological characteristics of egrets and herons in Korea [15, 16] . Variables were classified into four factors (topography, natural environment, distance and climate) and constructed using a 30×30m cell size. Each variable with different resolution was resampled to 30×30m cell size. The DEM (Digital Elevation Model) of the National Geographic Information Institute, Republic of Korea was used to generate topography in 2011.
Altitude variable were used as DEM. Aspect and Slope variables were generated using the Surface tool in the Spatial Analyst extension. Relief variable was calculated from the elevation difference between the highest and lowest pixels in the surrounding eight pixels. The age class, diameter class, and density of forest were generated using a map of the forest types maintained by the Korea Forest Service and Before using variables as input data for the MaxEnt model, we conducted a variable reduction process [17, 18] . We randomly generated 252 points (two times the number of breeding points), to compare to the breeding points (n=126). The random (absence) to breeding points (presence) ratio was 2:1 with reference to the previous study [19, 20] . A Mann-Whitney U test was conducted in SPSS 20.0 (SPSS Inc., Chicago, Illinois) to clarify the difference in variables between the breeding points and randomly selected points. Variables that varied significantly at the α = 0.05 level between breeding and random points were retained for use in the model. To the next step, We used Pearson's r correlation on pairs of variables to eliminate the weaker predictors which showed high correlations (> 0.70) with another variable [20] . The categorical variable, Land use, was excluded from the Pearson's r correlation analysis.
The MaxEnt model provides the variable importance in two ways. First, this model provides the percent contribution of each variable to the final model. Second, jackknife approach, this approach excludes one variable at a time when running the model [21] . We estimated the importance of the variables through the two methods provided in this model. was descrived and tested in detail in past publications [9] . The model is generally used to obtain effective results with relatively small amounts of data for the presence-only species distribution [9] . We used default parameters for MaxEnt model (i.e., no random subsampling, regularization multiplier = 1500 maximum iterations, 10,000 background points, convergence limit = 10−5). We used Maxent's kfold cross-validation routine to verify the model reliability. We used 10-fold cross-validation, which holds out 10% of the data as a testing set at each of 10 iterations, building the model on the remaining 90% of the data in each iteration. The model reliability was evaluated by the area under the receiver operating characteristic (ROC) curve, known as the AUC. The MaxEnt predicts the suitability of the area for egrets and herons as a continuous ratio. This was transformed into binary suitable/unsuitable area by applying the maximum training sensitivity plus specificity logistic threshold, an available output of MaxEnt. We chose this threshold because it is considered a superior method to transform continuous probabilities of species occurrence to binary presence/absence occurrence [23, 24] .
Model Application
To determine management strategies for the breeding habitat of egrets and herons in Daejeon, the potential habitat model was divided into less than and greater than 50 m from the residential district derived from a land cover map by the Ministry of Environment.
Results

Generation and Selection of Habitat Variables
Twelve environmental variables (altitude, age class of forest, diameter class of forest, density of forest, land cover, distance from road, forest, water, city, farmland and open terrain, mean temperature of the wettest quarter, and precipitation of the wettest quarter) showed significant differences (p-value ＜0.05)
between breeding points and randomly selected points (Table 1 ). Pearson's r correlation on pairs of variables results are showed high correlation between age class of forest, diameter class and density of forest (Table 3) . We chose age class of forest of three variables. We finally selected 10 variables and therefore were retained for model input. 
Model Application
The total area of South Korea was conferred using the 10 selected variables and the 126 breeding point locations of egrets and herons. Model reliability, as estimated from the mean AUC value, was 0.950.
Test AUC values was ranged from 0.899 to 0.975. The contribution ratio reflecting the model variables were described in descending order as: distance from the city (49.8%), land cover (32.2%), altitude (3.9%), distance from the water (3.4%), distance from the road (3.1%), distance from the farmland and open terrain (2.3%), distance from the forest (2.2%), precipitation of the wettest quarter (1.4%), age class of the forest (1.4%) and mean temperature of the wettest quarter (0.2%)The Two response curves for habitat variables that contributed the most to the MaxEnt model predictions for breeding habitat of egrets and herons were distance from the city and land cover variable ( Figure 2 ). Based on these response curves, breeding habitat of egrets and herons prefers a place close to the city however, it is not within the city (Figure 2 ). Forest areas is suitable for breeding site in land cover variables (Figure 2 ). In the Jackknife procedure result, distance from the city and distance from the farmland and open terrain provided the most useful and unique information for breeding habitat of egrets and herons (Figure3). breeding sites on the Korean peninsula.
Discussion
When using SDMs for applications such as conservation planning, it is necessary to consider potential noise that could confound model results [3] . To minimize model uncertainty, the location points deviating from the extent of variables used and environmental variables (e.g., aspect, slope and relief) that showed statistically no significant differences between breeding and non-breeding points were removed prior to building the model in this study. The Pearson's correlation analyses among 14
habitat variables identified five variables, slope, relief, age class of forest, diameter class of forest and density of forest, with strong correlation among them (> 0.70). In particular, forest-related variables had very strong correlations with each other (Table 3 ). Finally we removed the variable with high correlation.
According to suggested guidelines, one could distinguish among non-informative (AUC=0.5), less accurate (0.5＜AUC≤0.7), moderately accurate (0.7＜AUC≤0.9), highly accurate (0.9＜AUC≤1), and perfect tests (AUC=1) [25, 26] . Therefore, our potential habitat model for breeding egrets and herons could be considered highly reliable with an AUC of 0.953.
Variable importance of MaxEnt model can be determined in two ways. First, as a result of the percent contribution, distance from city and Land cover were the most important variables. In the second method, result of jackknife approach, distance from the city and distance from the farmland and open terrain were seen most useful variables. The suitability of breeding site decreased sharply with increasing all distance of variables (road, forest, water, city, farmland and open terrain). In the response of the land cover variable, breeding site were responded only the forest area (figure 2). In South Korea, the ratio of urbanization is very high, so forests and urban area are often adjacent. Based on this, it is estimated that breeding site of egrets and herons prefers a wide spread area adjacent to forest area. For example, as shown in Figure 5 , it can be seen that the breeding site of egrets and herons is very close to urban area in Daejeon city.
Approximately 20% of the total Daejeon area was estimated to be potential habitat for breeding egrets and herons in this study. Some estimated potential habitats were within isolated inner urban forests, whereas most of them included the outer perimeter of Daejeon. In addition, most of the potential habitat was located within 50 m from a residential district. A few cities around the world have had problems with egret and heron breeding sites. In Japan during the mid-1990s, some egrets and herons were killed because they were considered harmful (http://www.env.go.jp/nature/choju/docs/docs2.html). On the other hand, heronries in urban forests are managed differently in the USA. For example, the bird species typically associated with nuisance heronries in Texas, USA are protected under both state and federal laws [14] . In addition, they suggested that the best way to prevent the establishment of a heronry is through public awareness and early detection. If detected early when the birds first move in, they become nervous and can be moved on easily using a range of scaring methods, such as screamers, ropefire crackers, propane cannons, and eye-spot balloons [27, 28] .
All birds, including nuisance heronries, are not designated as harmful animals and are therefore protected under the national laws in Korea. On the other hand, there has long been conflict between heronries in urban forests and residents in many cities including Daejeon in Korea. Therefore, this paper proposes that the nuisance heronries be prevented from breeding in urban forests adjoining the residential districts in their early establishment stage to minimize the resident damage in Korea. To achieve this, daily monitoring in the early breeding season (February to April) should be conducted to detect the establishment of heronries at potential habitats less than 50 m from residential districts. In addition, habitat allurement efforts, such as decoy displays [29] [30] [31] and the production of natural or constructed alternatives [32] are needed for the stable inhabitation of egrets and herons more than 50m from residential districts in Daejeon, Korea. 6. Literature cited
